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medication	alone don’t	work is a
heart transplant, ventricular assist
device, or palliative	care	(Servino et	
al,	2019)	







• As the population continues to
grow older,	more instances of heart
failure will occur


















• A	LVAD	can improve	quality of life
and increase lifespan compared to























of pathophysiology and physics.	The	
basic	idea	behind HF is an inadequate
flow of oxygenated blood forward due to
failure of the heart to pump effectively.
As the disease progresses to an advanced
stage it can be increasingly devastating to
patients’	activities	of	daily	living.	
Advanced stage hart failure is defined
by Severino et al. as un unstable










Heart failure has been significantly	
studied but is a difficult topic for
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MedicationsPathophysiology
Left sided heart failure with reduced 
ejection fraction (EF) is defined as an EF 
< 40% with an inability of the heart to 
produce a cardiac output that 
adequately perfuses organs (Mccance








Cardiac output is determined by the 
volume of blood pumped out of the left 
ventricle (stroke volume) multiplied by 
a heart rate to determine the liters per 
minute of blood flow (Mccance & 
Huether, 2018). Cardiac output is 
further determined by three key values, 
preload, contractility, and afterload. 
Preload is defined as the stretch or 
length of left ventricular myocardial 
fibers at end-diastole (Colucci & Cohn, 
2020). Contractility is defined as the 
force generated at any given preload 
(Colucci & Cohn, 2020). Afterload is 
defined as the impedance during 
ejection (Colucci & Cohn, 2020). 
Frank-Starling’s curve, Ohm’s, Poiseulle’s, and Laplace’s laws are all used to describe 
contractility, flow, and resistance and remodeling of the ventricle. Ohm’s law defined by 
Nagelhout is the correlation of flow of electricity between electrical pressure and 
resistance to the flow (2017). Nagelhout defined Poiseulle’s law as the amount of fluid 
flowing through a tube in relation to pressure across the tube, the radius, length, and 
viscosity (2017). Ohm’s equation is rewritten in applied physics to demonstrated that the 
flow (CO) is directly related to a pressure difference and inversely related to resistance. 
Poiseuille’s law demonstrated that the largest impact on resistance to flow is the radius of 
the tube. When applied to the body, doubling the radius has a 16-fold increase in flow. This 
mechanism directly relates to the afterload the heart must overcome to pump blood 
forward.  Nagelhout described Frank-Starlings mechanism as an increase in left ventricle 
preload that will increase contractility due to the stretch of the myocardium but only to a 
certain extent (2017). Nagelhout described the Law of Laplace as the relationship of wall 
tension to pressure and radius in cylinders (2017). This law comes into play when 
understanding the mechanisms that create ventricular remodeling of the left ventricle 
myocyte. Understanding the pressure-volume relationship is important to understand the 



















• Beta-blocker – only after patient




• Hydralazine	plus	Nitrates	– used to
decrease resistance to flow,	shown	
to	provide	symptomatic	and	
mortality	benefit	(Meyer,	2020)	



























1. No	limitation of physical activity,	
no	fatigue, palpitation, or
dyspnea	(I)




3. Marked	limitation of physical
activity, Less than ordinary	
activity	causes	fatigue,	
palpitation,	or	dyspnea	(III)





(McCance & Huether, 2018, Figure 32-38)
(Nagelhout et al., 2017, Figure 25.20)
(wan et al., 2019) Physics
The Pathophysiology of heart failure with 
reduced EF is related to an impaired cardiac 
contractile function.  The most common cause of 
this type of heart failure is a myocardial 
infarction however myocarditis and 
cardiomyopathies, increased myocardial 
workload can all contribute (Mccance & 
Huether, 2018). The result is a myocardium that 
is unable push blood forward creating fluid to 
backup and an increased preload. Nagelhout
mentioned that too much preload results in the 
downslope of Frank-Starlings curve creating a 
decrease in contractility due fluid overload 
(2017). As cardiac output falls, the bodies 
sensing receptors sense the changes and sets off 
a cascade of events. Sympathetic output 
attempts to restore cardiac output by increasing 
the contractility and heart rate (Colucci & Cohn, 
2020). The decreased flow to the kidneys 
creates an increase in renin leading to the 
cascade of the renin-angiotensin-aldosterone 
and an increase in sodium, water, and blood 
pressure (Nagelhout et al., 2017). These 
mechanisms further worsen preload and 
increase afterload. The heart then begins to 
compensate by allowing hypertrophy of the 
myocytes that innervates the left ventricle 
(Colucci & Cohn, 2020). The Law of Laplace 
describes wall thickness being indirectly related 
to wall stress therefore increasing the size of the 
muscle decreases the stress placed on the heart 
to overcome afterload. This unfortunately 
decreases the amount of blood that can fit 






























• Nurses	need an in-depth	hemodynamic	understanding	to	titrate	medications	
based	on	Swan-Ganz	catheter	therapy.
• Specialized	treatments	continue to advance	such	as	Impella	and	LVAD,	nursing	
education	needs	to	advance	with	it.










Relationship of pressure to output
